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phosphorylation of FLN-A down-
stream of MEKK4.
Despite the presence of a large
body of work on MAP kinases, little is
known about whether MAP kinase
signaling directly regulates the actin
cytoskeleton or signaling molecules
such as small GTPases or PAK that
lead to cytoskeleton remodeling. How-
ever, MAP kinase is also involved in
cell-substratum adhesion, presumably
by regulating the assembly of focal
complex proteins such as integrin, vin-
culin, and paxillin (Webb et al., 2004).
Cell migration is a highly orchestrated
process involving integrated mem-
brane protrusion and membrane at-
tachment to the substratumat the front
of the cell and membrane retraction
at the rear of the cell. In this respect,
the distribution of the extracellular
matrix (ECM) protein laminin was dis-
continuous in the brain of MEKK4/
mice (Sarkisian et al., 2006). Laminin
is an integrin substrate and thus an
irregular ECM might affect cell migra-
tion.
The involvement of stress-associ-
ated MAP triple kinase in neuronal mi-
gration will shed light on a new layer of
the mechanism of cell migration that
may occur through the direct regula-
tion of the actin cytoskeleton and/or
through the indirect regulation of cell-
substratum adhesion.
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Docking and fusion of Glut4 vesicles with the plasma membrane are essential but poorly understood
steps during insulin-stimulated glucose transport. Recent studies utilizing TIRF microscopy shed
light on these processes and map the sites of possible intervention by insulin from just underneath
the plasma membrane.Insulin stimulates glucose uptake into
muscle and adipose cells by promot-
ing the relocation of the glucose trans-
porter Glut4 to the cell surface (Bryant
et al., 2002). Despite the general notion
that deficiencies in this process repre-
sent a primary lesion in the develop-
ment of type 2 diabetes and related
metabolic disorders, little is known
about the molecular defects that
underlie this pathology (Saltiel and
Kahn, 2001). This is largely due to our
limited knowledge of precisely how4 Developmental Cell 12, January 2007insulin signaling influences the traffick-
ing itinerary of Glut4.
In the basal state, Glut4 is retained
in intracellular vesicles and then traf-
fics to the plasma membrane upon in-
sulin stimulation. This process involves
multiple steps governed by insulin,
including endocytosis into endo-
somes, sorting of Glut4 into special-
ized storage vesicles, their retention
inside cells, transport along cytoskele-
tal tracks, tethering, docking, priming,
and the final fusion with the plasmaª2007 Elsevier Inc.membrane. However, the regulated
steps in this complex process that are
rate limiting, let alone the precise
identity of the molecular targets that
connect insulin signaling to cellular
vesicle trafficking machineries, have
yet to be defined.
Bai et al. (2007) have investigated the
terminal stages of Glut4 trafficking by
examining the motion of eGFP-tagged
Glut4 molecules using time-lapsed
total internal reflection fluorescence
(TIRF) microscopy. This approach
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docking and fusion events that take
place adjacent to the plasma mem-
brane. They observed what appears
to be a common pattern for Glut4
vesicle motion during the final stages
of its journey to the plasmamembrane.
Some vesicles, referred to as docked
vesicles, seem to remain static within a
short range near the plasma mem-
brane for a period (dwell time). Others
appeared highly mobile and were thus
defined as a part of the predocking
stage. Finally, they detected the irre-
versible movements of some Glut4
vesicles toward the plasma mem-
brane, and they considered these
fusing vesicles.
Intriguingly, insulin treatment of cells
substantially accelerated the fusion
rate (8-fold) of Glut4 vesicles with
the plasma membrane, but led to only
a moderate increase (2 fold) in their
docking rate. These data were
interpreted to indicate that fusion of
Glut4 represented the major site at
which insulin acts. In addition, the Akt
substrate AS160 (Watson and Pessin,
2006) appears not to participate in
this process.Despite somedifferences
with two other recent studies (Gonza-
lez and McGraw, 2006; Lizunov et al.,
2005), the current report is in agree-
ment with the hypothesis that the
terminal stages play a pivotal role in
regulating Glut4 trafficking.
Does this kind of analysis help in our
understanding of the steps crucial to
insulin action and how these events
might be attenuated in insulin resis-
tance? The focus on the final events
inGlut4 docking and fusion is a charac-
teristic of TIRF microscopy and allows
for a careful examination in real time ofhow the transporter finally achieves
exposure to the extracellular space.
Unfortunately, this approach does not
permit assessment of the endocytosis
and sorting of Glut4, nor its trafficking
from perinuclear regions in the cell,
all events that are regulated by insulin
and thus potential defects in insulin-
resistant states.
On the other hand, these analyses
may now allow investigators to con-
sider many more questions about the
process. For example, how are the fi-
nal stages connected to the penulti-
mate steps in Glut4 vesicle trafficking?
Although these earlier steps might not
be as responsive to insulin, they may
be even more important for building
up a reservoir pool of Glut4 vesicles,
as studies in other trafficking pro-
cesses have indicated (Sudhof,
2004). How are Glut4 vesicles selec-
tively presented to the fusion sites,
since the SNARE and accessory pro-
teins may not be sufficient to provide
this specificity? Vesicle tethering and
docking have been suggested to en-
sure fidelity of trafficking processes
and perhaps directly facilitate the
fusion events (Munson and Novick,
2006). In the case of insulin-stimulated
glucose transport, these events might
be carried out by the exocyst complex
(Inoue et al., 2003). Hence, the exact
links that escort Glut4 vesicles be-
tween docking and fusion have to be
established.
Perhaps the most important ques-
tion centers on the molecular targets
of insulin signaling that choreograph
the entire program of Glut4 trafficking.
Candidates emerging from recent
studies include Rab proteins, SNARE
proteins, the exocyst complex, and theDevelopmental Celmyosin motor Myo1c. Each of these
appear to respond to a variety of differ-
ent signaling events from the insulin
receptor, such as phosphorylation, ac-
tivation of guanyl nucleotide exchange
factors and GTPase-activating pro-
teins, and various polyphosphoinositi-
des (Ramm and James, 2005; Watson
et al., 2004). It will be of interest to test
whether and how these signaling and
structural proteins influence the dy-
namics of the terminal stages of Glut4
trafficking. The new advances in TIRF
microscopy may facilitate our efforts
to decipher how insulin orchestrates
Glut4 translocation.
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